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ABSTRACT
The history of mathematics education during colonial America and early republic is an 
underprivileged subject.  This  thesis  focuses  on one aspect  of  this  broad topic,  the 
interdependence  of  land  surveying  and mathematical  instruction.  By analyzing  the 
mathematical  content  of  surveying  manuals  and  by  locating  relevant  newspaper 
advertisements, I conclude that the interdependence not only benefited the American 
mathematics education at its beginnings, but was instrumental in starting it.
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first   half   of   the   19th  century,   Americans   were   on   an   uninterrupted   quest   for 
discovering,   conquering,   dividing,  measuring,  mapping,1  and   naming   their   newly 
found land. Throughout a territory that by all criteria was immense, the entrepreneurial 
young  people  established  homesteads,   settled   in   small  and  big  conurbations,  built 
roads, bridges, lighthouses, furnaces, mills, and colleges, dug canals and mines.
    New England and the Appalachian Mountains, stretching from Maine 







     Throughout   the   process   of   parceling   newly   appropriated   land, 
enterprising   individuals,   the   federal   government   and   local   authorities,   performed 
numerous  cadastral  measurements.  This  practical  work required  field  specialists   in 





















was   practiced   in   ancient  Mesopotamia,   Sumer,   Egypt,   and   the   Roman   Empire.5 
Arithmetic,  trigonometry,  and geometry have always been essential  to a surveyor’s 
work,   as   we   will   see   in   the   following   pages.   Over   the   last   few   decades,   the 
manufacturing of ever better surveying instruments and the branching out of surveying 

































employed in   learning surveying? What  were the goals of  the authors of surveying 
manuals?   What   obstacles   impeded   surveying,   in   connection   with   mathematical 
instruction—and how were these obstacles overcome?
   Land   surveying   in   early   America   was   an   exceptionally   honorable 
profession. Surveyors were well regarded socially and were well positioned to start 


























established   the  United   States  Coast   Survey,   in   1807.  After   Jefferson   left   office, 
surveying with official support from the federal government fell into disrepute and 
ridicule for more than two decades. An attempt to revive scientific research, including 
surveying,   made   from   Jefferson’s   opposite   political   camp,   did   not   make   much 
difference.   Indeed,   John   Quincy   Adams’s   plea   for   the   founding   of   a   national 
astronomy   observatory   (1816   to   1819)   and   his   serious   “report   on   weights   and 
measures”   (1821),   fell  on  deaf   ears.   In   the   land  of   individualism,   the  attempts  at 
government­sponsored   enterprises  were  more   than   viewed   skeptically;   they  were 
considered dangerous.
Yet surveys continued on a small scale, conducted with private funding 
or  by   local  public  bodies.  Men  from various  scientific  disciplines  were  especially 
encouraging.  For  instance Benjamin Silliman Sr.  (1770­1864),  professor of natural 
science   at  Yale   starting   in   1793;   Jacob  Bigelow   (1786­1879),   a  Harvard   trained 
physician, the first leader of the Linnaean Society, and the man who coined the term 
1 See Bedini 2002.
2 See next chapter for newspaper sources.
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used   in   surveying   throughout   the  American   colonies.   The   first   such   books  were 













3 See Struik 1948, p. 183.
4 The Cornell Library of Rare Books and Manuscripts, where I did much of the research for this thesis, 
owns 11 editions of Love’s manual, from the earliest of 1688 to the thirteenth, published in 1796—a 



























In  Geometry,  he  defined  angles   and  basic  plane   figures,   then  gave 
several fundamental constructions with a line and a compass; the most complex was 




for   the   conversion   of   basic   English   measures   and   showed   how   to   tabulate 
measurements.
In   the   chapter   concerning   the   Instruments,   Love   wrote   that   for 
measuring angles “there are almost as many Instruments are there are Surveyors,”7 an 
important   observation   for   the   long   history   of   solving   the   practical   problem   of 
approximating measurements and estimating errors. The chapter contains sketches and 












In   the   chapter   on   trigonometry   Love   starts   by   defining   the 
trigonometrical values of angles as proportions of corresponding sides of a right angle 
triangle,   then   solves   in   detail   several   problems,   both   for   right   angle   and   scalene 
triangles.
The last chapter presents applications of the previously exposed notions 










adapted   to   the   use   of   schools,   and   persons   concerned   in   measuring,   gauging,  
surveying, etc..





London  edition   (the   seventeenth),   laments   in   the  preface   the   thoroughness  of   the 
author, who detailed all examples, “working them at full length, and explaining every 





































calculations.”  He notes   that  “in  order   to  understand  the  principles  of  surveying,  a 
previous knowledge of Geometry is absolutely necessary” and defers  the reader  to 
specialized  works   like “Playfair’s  Geometry  and Simpson’s   translation  of Euclid’s 
Elements.”   Then   he   characterizes   his   own  work   in   relation   to   the  mathematical 






example;   and   the   most   of   them   by   several   unwrought   examples,   with   answers 
annexed.”
Consistent   with   these   views,   the   first   eighty   pages   of   the   book 
(preceding the surveying treatise), contain a four­part mathematical introduction: of 
logarithms,  geometry (definitions and problems) and trigonometry.  Then Gummere 










120  pages,  was   slim  compared  with  others   of   similar   purpose.   It   had  50   figures 
carefully drawn and numbered, placed on three plates at the end of the book.











manual  difficult   to  use   for   learning  and  applications.10  The  book  opened  with  15 
figureless  pages on “Heights  and Distances.”  Here Day solves  fully   ten problems, 
including Problem IX, “find the greatest distance at which a given object can be seen 





uses,   in   word   form—and   then   illustrates   by   giving   a   few   examples.   Without 
explaining in detail what factors might introduce errors, he writes several times that 
9 See the next chapter.
10 This was a common inconvenience in mathematics books published in early America.
8
the   “method[s]   are   not   perfectly   accurate.”11  As   illustration,   here   is   one   of   his 
navigation  theorems:  “As radius  to  the tangent  of  the course;  so is   the meridional 
difference of latitude, to the difference of longitude.”12 Similarly, a surveying theorem 
is   this:   “As   radius   to   the  cosine  of   the  angle  of  elevation;   so   is   the  oblique   line 
measured,   to   the   corresponding   horizontal   base”.13  Day   proceeds   to   solve   a   few 
examples but, aware of the imperfections of the results, he cautions: “Any explanation 
of the subject . . . must be very imperfect. In the demonstration of the problem, the 
several   triangles   are   supposed   to   be   in   the   same  plane,   and   the  distances   of   the 
meridians so small, that they may be considered parallel. But in practice, the ground 
upon which the measurement is to be made is very irregular.”14
In   solving   practical   problems   Day   employed   the   law   of   sines, 
manipulated proportions, and solved simple quadratic equations. He assumed that the 
reader already knew the basic elements of algebra, geometry, and trigonometry.




Widely  circulated  during  the first  half  of   the 19th  century  was Abel 
Flint’s A system of geometry and trigonometry: with a treation on surveying, in which 
the principles  of rectangular  surveying,  without  plotting,  are explained.15  The first 
edition was published in 1804; an imprint of the tenth edition, in 1854.
The book had no table of contents. The brief Advertisement written by 
11 See p. 37, for instance.
12 Idem.
13 See p. 58.
14 Day, p. 78.
15 I consulted the eight edition, enlarged with additional tables by George Gillet. Hartford, CT: Belknap 
and Hamersley, 1835.
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which  makes   it   easier   to   follow,  but  he  has  only  a   few figures,  meant   to   clarify 
definitions and elementary constructions.
The first half of the book is concerned with geometry. By the third page 










16 See p. 9.
17 See p. 17.
18 See p. 39.
19 Quote is on p. 26.
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The book ends  with a  copious  appendix of   tables,   including  one of 
decimal logarithms of the first 10,000 numbers, a table of decimal logarithms of the 
trigonometric   functions   of   arcs   in   the   first   quadrant,   and   a   table   containing   the 
declination and variation of the magnetic needle.
Noteworthy   of  mention   is   the   austere,   even   severe   tone   of   Flint’s 








John   Farrar’s  An   elementary   treatise   on   the   application   of  
trigonometry: to orthographic and stereographic projection, dialing, mensuration of  
heights  and distances,  navigation,  nautical  astronomy,  surveying  and  leveling  is  a 
dense text, with 106 figures neatly placed on nine folding plates at the end of the book.
In   the   opening  Advertisement,  Farrar   writes   that   “the   branches   of 
mathematics comprehended in this volume have usually made part of the course of 
20 See p. 98. Italics in original.












and   the   construction   of  maps   (“charts”).   Toward   this   goal   he   deduces   the  main 
formulas   of   spherical   trigonometry,   likely   for   the   first   time   in   a   book  printed   in 






of   figures   at   the   end  of   the  book,   on   special   plates.  Yet   this   inconvenience  was 
supplemented   by   the   necessary   expressivity   in   enunciating   mathematical   results 














Basic   mathematics   instruction   in   America   started   early   but   grew 
slowly, against daunting challenges. As early as 1661, the “Instructions and Rules for 
Schoolmaster   Evert   Pietersen,   drawn  up   by   the  Burgomaster   of   this  City”   [New 






Long   before   organized   schools   in   America   took   on   the   task   of 
systematic   mathematics   instruction,   basic   notions   of   arithmetic,   geometry,   and 
trigonometry  were   taught   by   private   tutors,   or   “masters.”   To   attract   pupils   they 
advertised in newspapers, usually enumerating not only the general subjects in their 


















































































































26 “. . . His hours are this Winter from 9 to 12 in the Morning; from 2 to 5 in the Afternoon; and (for the 
Conveniency of those who cannot come in the Day time) from 6 to 9 in the Evening. He teaches 
Writing, and Aritmetick at the usual Rate of 10s per Quarter. Merchants Accompts, Navigation, &c. for 
30s per Quarter. And will undertake to furnish anyone with sufficient Knowledge in any of the 










































27 “…in a short and concise method, not commonly taught, whereby two-thirds of the time and trouble 
may be saved from the common methods; and such persons who have not time to go through the 































1755 “Great­Circle Sailing” Andrew Lamb Philadelphia Seyb p.27






































1761 “Merchants Accompts” Thomas Johnson New York Seyb p.25


















1766 “fluxions” Alexander Power Philadelphia Seyb p.28
1766 “Merchants Accompts” William Thorne Philadelphia Seyb p.25
1767 “Writing and Arithmetic” John Griffith Boston Seyb p.23
28 “… the Extraction of the Roots, Simple and Compound Interest; how to purchase or sell Annuities, 
Leases for Lives, or in Reversion, Freehold Estates, &c. at Simple and Compound Interest; the Italian 
Method of Bookkeeping,; Euclid’s Elements of Geometry’ Algebra and Conic Sections; Mensuration of 
Superfices and Solids, Surveying in Theory, and all its different Modes in Practice, with two universal 
Methods to determine the Area of right lined Figures, and some useful Observations of the whole; Also 
Gauging, Dialling, Plain and Spheric Trigonometry, Navigation; the Construction and use of the Charts, 
and Instruments necessary for keeping a Sea-Journal (with a Method to keep the same, were the 
Navigator deprived of his Instruments and Books &c. by an accident) the projection of the Sphere, 
according to the Orthographic and Stereographic Principles; Fortification, Gunnery, and Astronomy; Sir 
Isaac Newton’s Laws of Motion; the Mechanical Powers viz. The Balance, Lever, Wedge, Screw and 
Axes in Peritrochio explained, Being not only an Introduction necessary to the more abstruse Parts of 







































29 See also at 1772.
30 “. . . BOOK-KEEPING METHODIZED; the ELEMENTS of GEOMETRY and TRIGONOMETRY, 
with their application to NAVIGATION, SURVEYING, DIALLING, &c. ALGEBRA, with the 
Application of it to a Variety of PROBLEMS in ARITHMETIC, GEOMETRY AND 
TRIGONOMETRY, CONIC SECTIONS and STEREOMETRY. With the several methods of solving 






































1781 [see footnote31] Mr. Davis New York Seyb p.64
23
Table 2.1 (Continued)






the   New   England   newspapers   during   the   18th  century.   In   early   America   all 
mathematics was applied mathematics. A large proportion of the quotes above contain 
references to surveying or related endeavors.  
31 Mr. Davis went out of his way to impress the readers of his advertisement (see also the next footnote):
“Where is taught Reading, a grace of the schools,
Writing, Arithmetic by easy rules,
Book-keeping, Geometry, too very plain,
And Navigation to steer o’er the main:
Surveying and Mensuration as well,
With rare Algebra to make you excell.
All those—and more he has got in his plan,
To rouse the genius, and furnish the man.
The pupils may depend on an easy, elegant, perspicuous explication of things, being the most 
conductive to rouse the genius, and invigorate the thought, or to inspire the mind, with a true and lively 
sense of what is taught, which cannot fail to enrich it with fruitful ideas; and as they shoot will not only 
be cherished, but made to flourish”.
32 To the above verses, are added:
“These lively fields pure pleasure do impart,
The fruit of science, and each useful art,
Which forms the mind, and clears the cloudy sense,
By truth’s powerful pleasing eloquence.
Ye hopeful youths, be sensible of this,
O! mark the fleeting time and profer’d bliss,
The only time when learning makes its way,
Thro’ dark ignorance brightning into day:
Bright’ning into day, you’ll in knowledge shine,
Full orb’d with wisdom to the human mind
Ye hopeful youths, come learn what he has told,
Exalt your Minds, and be what you behold;
While Genius soaring, great Heights explore,
And grace your Talents with true Beauties o’er,
Till ornamented with the flowers of Truth,




In  the Preface of  this   thesis  I  set  out   to  investigate  a few questions 
pertinent to the historical relationship in early America between land surveying and 
mathematics instruction.
The sources underlying  this   research (newspaper  advertisements  and 
surveying manuals) show that surveying grew from the planning of small settlement 
towns33  to measuring and mapping large tracts of newly forayed territory. Mirroring 
this  growth,   the mathematical   instruction  of   the future  surveyors  went   from being 
provided in a dual master/apprentice relationship based on the master’s experience and 
instructional  materials   to  more organized forms provided by special  geometry  and 
trigonometry courses taught in colleges and universities, and based on textbooks that 
had  gained  wide  acceptance.   In   their  programmatic   statements,   the  authors  of   the 
printed materials I inspected offer somehow contradictory assessments of the level of 
mathematics they presented.
While  different  authors  often  solved   the  same practical  problems  in 
similar  ways,  one might  consider  such  instruction   to  be  part  of  basic  “principles” 
necessary to the surveyor while another considered it to be a practical application of 
principles.  Most   of   the   mathematical   content   of   the   surveying   manuals   widely 
circulated and used in America prior to the middle of the 19th century was equivalent 
to   the   geometry   and   trigonometry   taught   today   in   high   schools   with   excellent 










century,   however,   American   universities   responded   to   the   need   of   the   rapidly 
expanding nation by hiring (mainly) European­trained professors and by reprinting 
frequently well­reputed surveying textbooks. 
34 Occasional evidence for such occurrences appears indirectly in newspaper notices that mention that a 
“master” known for offering classes in surveying and similar trades had passed or failed to pass 









1875 Treaty  of   the  Meter,  of  which  U.  S.   is  a   signatory,   leads   to  American 
Scientists adopting the European metric system of measurement.
1863 National Academy of Science founded.













1638 John Brockett,   “the   first   surveyor  of   record”   lays  out  “with   impressive 
accuracy the original nine squares which later became the center of New 
Haven” (Bedini 1975, p. 63).




To put   the   content  of  mathematical   instruction   in   context,   I   find   it 











“Such   as   are   desirous   of   learning   any   Parts   of   the   Mathematicks   whether 
THEORETICAL, as the demonstrating [of] Euclid, Appolonius, &c or PRACTICAL, 
as  Arithmetic,  Geometry,  Trigonometry,  Navigation,  Surveying,  Gauging,  Algebra, 
Fluzions   &c.   Likewise   any   of   the   branches   of   NATURAL   PHILOSOPHY,   as 
Mechanics, Opticks, Astronomy &c. [] at the Duke of Malborough’s Arms in King­






the   North   side   of   the   Town   House,   was   on   Friday   examined   in   the   several 
Mathematical Arts and Sciences he Professed, by two Gentlemen (desired to make 
such an Examination, by the Select Men of this Town) and was by them Judged to be 
sufficiently   Skilled   for   an   Instructor   therein.   N.B.   The   said   Miller   gives   due 
Attendance at the House of the said Mr. Barbour”37. 
Thirty­five   years   later   Miller,   now   experienced,   had   moved   to 
Connecticut and was teaching in better conditions: “John Miller, Acquaints the Public, 
that  on  Monday  the  16th  Inst.  He Opens  his  School  at  Mr.  Meloy’s  House,   (in  a 
spacious and eleganmt room) where for the future, he will take Scholars that are to be 
taught Writing and Arithmetic, for 8d. per Week, and for spellers and Readers, 6d. per 
Week.   Those  who   are   pleas’d   to   encourage   said   School,  may   depend   on   being 
faithfully   serv’d,   their  Children   carefully   instructed,   and   treated   in   the  Tenderest 
manner. Private Education will be given by him, to those who are desirous to further 
improve themselves in Writing, Arithmetic, &c. &c.”38.
“Mills  of various Kinds,  and other Hydraulic  Engines,  designed and 
constructed according to the true Principles of Mechanics and Hydrostatics – Land 
surveyed and Levels taken for the Conveyance of Water – Buildings of several Kinds 
36 Boston Gazette, March 26, p. 4, 1739.
37 Boston Gazette, February 5, p. 4, 1733.
38 Connecticut Journal, May 27, p. 4, 1768.
30
ornamented   in   the  Grecian   and   Roman  manner,   designed   and   superintended   on 
reasonable Terms, by CHRISTOPHER COLLES, ENGINEER AND ARCHITECT. 
Said Colles will engage to instruct young Gentlemen, at their Houses, in the different 





“Writing,  Arithmetick,  Vulgar  and Decimal   fractions,  &c.  Merchant 
Accompts the true Italian Method by double Entry, Dr. and Cr. Navigation in all its 














39 Pennsylvania Chronicle, August 19, p.3, 1771.
31
Ships. Sailors take Care you be [ineligible: prepared?] by Land men pretending to this 




Seconds.   I  give  due  attendance   in  my  School   in  Front  Street  at   John  Johnston’s, 
Tallow chandler, next door to Mr. Richardson, Goldsmith, up the Alley. And teach 
both   Day   and   Night   School,   or   waits   on   any   Gentlemen   at   his   Chamber,   &c. 
ANDREW LAMB”40.


















table  of  difference  of   latitude  and departure   fitted   to  every  degree  of   the  
quadrant, and continued for one tenth of a perch to a mil. Part the II: A like 
table fitted to every quarter of a degree of the quadrant, and continued to  
from one tenth of a perch to  four  hundred and  fifty  perches,  calculated  by  
John Clendinin, land surveyor. Philadelphia: J. Clendinin, 1793.
Davies,  Charles  Elements   of  Surveying  and  Navigation:  With  Description  of   the  
Instruments and the Necessary Tables. New York, NY: A. S. Barnes & Co.,  
1847.
Day, Jeremiah  The mathematical  principles of navigation and surveying,  with the  
mensuration of heights and distances. Being the fourth part of a Course of  
mathematics. Adapted to the method of instruction in the American colleges.  





Fairlamb,   Jonas  Preston  A new and   concise  method  of   completely   obviating   the  
difficulty   occasioned   in   surveying   by   local   attractions   of   the   magnetic  
needle,   in  most  parts  of   the  United  States.  Wilmington,  DE:  William  A.  
Miller, 1818. This is the first title that has a research flavor to it.
34
Farrar,   John.  An   elementary   treatise   on   the   application   of   trigonometry:   to  
orthographic  and stereographic projection, dialing, mensuration of heights  










is   prefixed,   a   perspicuous   system   of   plane   trigonometry.   The   whole  
particularly  adapted to the use of schools. Philadelphia, PA: Kimber and  
Richardson,   1814.   This   book   saw   numerous   editions.   The   fourteenth,   in  
1838, was “carefully revised and enlarged by the addition of articles on the  
theodolite, leveling and topography.” In 1937 Samuel Alsop had published A 
complete   key   to   Gummere’s   surveying;   a   revised   edition   of  Gummere’s  
Surveying, “adapted to modern methods,” was overseen by Isaac Sharpless in 
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